Applied mathematical problems of atmospheric correction and filtration of multispectral satellite data by SMOKTY, Oleg I.
A P PLI E D M A TIIE M A TI C A IJ P R O B L E M S O F A T M OSPtIER IC
coR R E C TIO NA N D FIL T R A TIO N O F MUL TISP ECT R A L S A T E L LIT E D A T A
O L E G i S M O K T Y
St. Petersbtlrg bstittltefo rh fo r m atics aTLd AtLtOtn 札tio A
of Russia nAe ade 山y Of Sciences
39
,
Lin ela
th
,p B 199178ISt･Pete rgbtlrgl h ssi&
Tel;＋7 -81 2･ 1$4 900･, F A X:＋7-812-219J 450; e- mail: s o喝ii乱S.SPtl. 紬
Now adaysthere are n odoubts aboutthetopic ality andgreat signific atlCe Ofthe problems c on ne cted
wi ththe atm ospheric c orrection and filtratio n ofr ndtispectralsate11ile 血ta･ sinc ethe Earth
'
s atm osphere n ot
onlytransfer a nd treats s ubstance and e n ergyno w s, but rq,r es ents its e
lf a spatial-frequency dyrLamic and
infor m atio n al Alter as w ell. Ho we ver. it
'
s n e c e s s a ry to estd)1ish, 1hat giv en problems in spite of their
i=E[POrtan C e･ hasn
'
tobtain edyetits o wn co mplete a nddetailed lx)ththeor etic ala ndpr acticals oht10n S･
It n aytx: explaitl由 byre alco ntents ofthetra n sferfunction(oper ator)thatis m ored ep andrich･than
ju st atra nsfbr mat10 n Ofthe natt ml form atio7u;
1
s atellite b rightnesstothe Ea rth
'
s s u rfac eb rightn essI1 ･ As a
m atter offact, thetra nsfer血nction(operaLtOr)hasto c onn ectthe radiaLtio n rej cted bythe Ear血 with its 7LattF al
form atio n
･
s state param eters, W iththlS, m e ntio n ed c on nectio nhas to be in v arianttin reh tiohto the n atural
for m atio n
'
s sightingC Onditions ands olarilh min atio n･
Tn present tim eis cle arly c o mprehensible, that 如 the atm ospheric Corr ection ofsateuteim ages a
nd
spectru m sproble m s
,
s ol血 o n ofatTnOSPhcric spadal･&eqtLe n Cy丘Itratio niti- eceSsaryto attract the fo 1lowing
m ea ns:
1. A dv an ced m ethods and algorithmsforthe solt[tio n of 3-D dir ecta nd 血Ⅳers e r&diativetra ns6cr
theoTy Pr oble m s(forgen eral case w etake polad2:ed radiation)I taking 血 o acc our[t refractio n ad
ttubde n ce e飴 cts in side a v erticalーn O m miform a土m o spherebo u ndd from tx5low by a hor u o ntally-
n o rLd Bo m anisob Picallyr eAe - gsd ace･
＼
2. Lin e ar syste m s andtran sfor m ation stheory m ethods forthe 00 nstr who n of 3
-D infor m atio nal
軸 皿ic spatial-frequen cyAlter of 《the Earth
'
satm o甲here-s urface)) sytern･
3. Adv a nc edtechn ologic alpr ocedures, m ethods andalgorithrLISforthe satcu tedataautoI 鵬 d
pr oc essing a nd m oIPhological(stn lCtur al) trad or m ations in the f hew ork of its them atical
血terpretation, analysis andclassi丑c ation･
TakingiⅡto acc ot mt the coTnPlex chara cter ofthe a血 oSPheric correctio n a nd 丘1trzItio nproble m s, for their
s olutionitis ne cessary s wellasto ttse n血 Ir al fo m aLtionsbrighbeSS m e aSur6 m er[tS taken at thetestgr otmds,
to w o rk otl the adaptiv e optical m odel与 Qf 《the Earth
'
s atm osphereISll血 ce)) syste mind 耶 ndently andto
carqdng old combinedaircraftっ瓜 曲 e e甲rim entsin the 軸 仙
'
s e n viro nzn edal keyz o n es･
Itgoeswi tho utsaLying､ thatil
･
s I mpo ssible to c on sider an Ⅶ d v edaspe cts ofsuch c o mpuc aled 皿d
co mple xproble m s as atm ospheric c orrectio n a ndspatial一 丘eqLlen Cy丘Itr adotL Ofthe nattmlfor -lio ns
'
s atellile
im ages and spectrums 加 m the co m m on m ethodologic alpoints ofv le Win the s am er port･ ln this c oltte XtO nly
a o 〇rtain part of the m ost a ctual, 血 m applied m athem adcd point o
f vie w, a nd t m s olv ed aspects ofthe
proble m s,indicaLted above c antx:dis cu ss ed
For age n eralc ase,letu sdde min e spectraltr ansfer orx,rator rL ofthe ”the Ea rth
'
s 血 osphere-
s u rfaq 》 system ac cordingtothe followingrelationship:
Is m
,
九
- 軸 IB a,,九] , (l)
where Isaf
,
九
- is the Earth
.
ら s urfac e spectralbrighh ess･ m e a s u r ed 加m a sateuite and lsu r･L
- is the
n atu ral for m ation-ち spectralbnghhess at the Earth
'
s stlrfac elev el･ Acc ordingtO SChernes, being proposed 丘rst
of au a set of in v ers epr oble m sis rLeC CSSarytO Solv eforthe 《aLtm OSphere
･u nderlying su rfac e))syste m optic al
chara cterisdcsretrieving and a丑erw ards s olv e aLPprOPriate direct tri m Sfer radiationp
roblem s co m ect6d with
atm ospheric correctio n and 血traLtlOn Ofm d tispecialsaLte11 血 dz[ta･
From thephysic alpohtofvie w ant mber ofiⅡvestigatio ns o nthe aLtn OSPheric co rre ctionp- oble n s
ar e r egarded Isat
,
九SPeCtr alb rightn essreprese ntat10rlin thefouowingfor m :
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Is at,九
- Iabn,九 ･ Is u,,ATL 十 島,九[Isy ,,L]･ (2,
wher e Zabn,九
- is atm osphericspectralbrighhess(witho utre瓜e ctlngbottom). ha vlngbee n rn eastrred fo ma
s atculte. TL - is dire ct 血m ogheric spectr altranspaDe nq forfix ed sighting direc血 1･ TG,九
- is htegra1
oper ator, determinin各th8 Earth
'
s sd a ce srw ral brlghtn essdiLhsetransfer to thetip perle v el ofthe Earth
､
s
由 mo sphere. Lett m otethatinthe c ase of rthDtrOPICalrd ectlZlgbotto m O nlyl theintegraloperator ofTG ,ん is
transfor nd in the fun c血 TG,九, n a m elydi hs e - ospheric spectraltra n spare n cy･ InlhlS Cas e Simple
fa cto血 atio n ofIも ー 甲 地 Itr an sfer operatorispos$lble acc ordingto thefouowing rela[tio nship‥
rTL ラ Zsu ,A
=
Isat
,
ん
- Id れ 九 Isat,九
- Jahw.九
TL 十 To
,
入 札
(3)
In pra ctice, v a riotlS ap pro xim ate e司〉reSSion sforthe nh l PeCtral operator
'
s c o mpon ents. based o n
the an alytical, s emi･ an alytical, n Ⅱr 批ricaland e mpin calap pro aches arebeing 廿SedlJSt1ally. We shallpay ou r
aAeHtion to the constru cdon of 1-D precise calibr 3t10n m odel of a 《ヽ
ye rtically n on mifom atm oghere･
n o n o rtbtropically reAectingtx)tto m}> syste m
'
s r adiatioll丘¢ld･ Mathezn atlCal 血 血tio n of 馳 Ch c ah bratlOrL
m odel callbe Fredholm se co nd kind ofex act htegr aleqtlations syste mforthe azim lthbrightn essha m o nics
l
s
m
aE
I 0f a v ertic any- n o ll u nifortl alttIOSPhBre･ boIJndedfro 皿 belo w by an arbitrary a n㍑ otropICally re4ecting
bottottlha vingthefollowingfo mI2]:
1
I
s
m
al(I,”, 紬 =!言^(巾{Jpm( 州 ′sni,･( 仙 ,dq･ ＋
2o o
1 (TIT
l
)
十Jpm(,･ -q･qつ′m(1･ - qh ” ･言pm(t･q･a e JJち}e
L
T 里 (4,
O Tl
1
Is
m
a ,(TI ,7.iT,) -
i
T
t
o
A(”(∫pm(I, -;.叩つI3nqt(I,q･,iTo)dq, ･
2 T 0
l (T
-
- て)
･Jp”7({. ” )I
m
({, -”:eTo,d,l
･
･旦pm(巾 ae
- て
･
/ち
)e
‾
T 生 ＋
0 2 TI
To
I て
･ I:,(”,ire)e ” . nl - 0,1. ･ ･ ‥ M , r EfO,To], qE[OJl, fE[OJJ,
1
qls
n
l
･
, ,(”.iTo)
=∫y m(耶 つIsmo,(r..q･, 紬 叫 .旦j,-( 蛸 e - てD/ち
0 2
(5)
(6)
tlere 血n ctio n slinalJsTJ,, P m ,ym a,edetermin ed a ∝ ording to w ellkn o wn r elations asa - thaEdm dhls
har m omic of brightn essIs at a nd ls u ,I atm osphefic ands d ac ephase触 ICtions, c o rr e spolldizlgly･ The v al悦
of A(1)is a single scatteringal bedo･ arcco s71 - 0 is a visioll a ngle a nd ar9CO Sミ
ニ Oois ?A a ngle QfStln
'
s
po sitio n, 一 a nd To are Optical de6Pn eSS a nd optical th ich essof a slab, r e spe ctiv ely, the solar constar[tis
血 otedas 冗S,
lntegral eqtnt10 n S Syste m(4) - (6) is solving with help ofthe iterative m ethod a cc ording to the
6ollo w lngSdhe m e:
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‾ T
o
- て
Is
m
at,(”.i)(T.iq. 紬)
- L土(Is
nif
,(”)( 軸 iro) ･ Is
m
u, ,(”)(”,iT,)le
”
x e(iq), (7)
where e(＋q)- 0 a nd e(･71)= 1, qE(0,1],L T E[0,roュ, EEtO,1】, TT2- 0,1,, . .”.･
Let
'
s choo sethe e xa ctsol 血on s of theittegraleqtlat10 nS野Ste m(4)-(6)forthepri m ary atm ospheric scattedn&
andsinge re血ec血 n 加 m 皿 l 血derlyings d c e asbstiteratio nfofthe s che me(7)
I
.
Is
”Li,(0)(I,”,iro)- 1s
m
at
,
I(T･q･iro), Is
m
at
,(o)(T･
- q･6To)- Is
m
d
,
1(叩 紬) (S)
T heinte nsities ILnat
,
1( 叫. 紬)m 野 be calcdated ex actlyfor a n arbitraryv ert.c atatmogheric n od ormity
a nd a町 1a w ofradia血益 rd ectio n丘o m a皿 t mde'lying s udace[2]. It shoddl光 tIOted, thatlin e arhlegral
operators L士 a nd exa ct s ol血 ns Is
m
af
,
I(叫 ･ 紬) m ay be used fo.the calibrat10 n Of ap proxi.natc
algorithn lS OfaLtm Oq)heric corrc(池on a nd filtratio n･ Natt mlly, w e n ay s elect由比tr ary starh giieration, n ot
o nlyin the view of(a)btlt, fo r e x a mple,byI)sing any a:ppro由m 如e a n alytical, s emi w lytical, n tl m ericalo r
empiric alsollltion sfo rthebrighbess of a v ertic ally n o m m血 r m a[tm o甲血ere wi tha n on or血otropicd renecting
bottom , pla ced belo w. h this c asethe prim ary atno甲heric light SCaLtteritlg and ths single sudaceli酔t
re血ectio nhav eto be estim aLted ex a ctly at ea ch separateditera加 e stq). TIm s, atty approxln ale sohtion, halEe
be en td m 野 beimpm ved in afin alresdting radiadon丘eld m od d. NtLErLerical data andysisdem onstrates
(2], that a verticd n o mi formity ofthe Earth
'
s atm osphereis es mtialats m allq 弧 dぞv ahes a nda ctu ally
do cs n't shcFW inntlen C e Whe n ” andfv ahw s 訂 e Closeto 1. Fbrther morら When (くm >) a Zintzth
'
s har n odcs
ct mtn trrntw isin crea sing,thepdn arys catte 血ginptltin cre as es a s w ell, 血 dat m ≧ 50, w e m ay n e9ectthe
md 出ple sc atteriJlg mPtltinthe acctu acyli mits Qf 6jylO
･4
÷10-5･ Ad uallythlS包ctd mi es co nditio n s ofthe
idor m aLtional radiat10n 丘cldco mpresio n BLCCOrdilq tO aPpr OP血te Foq rie har m omics r edu ction･ Fin ally, the
re瓜e c血gbotto m a nis otropyinDtl mCe is m ore essential at atn o sphBric c orrectiozIPr ocedures, 也an v ertical
n oTEt miformiqT Ofthe Earth
'
s atn o妙 r e(se e als o[1]).
Ho w ev er
,
itshould lx e mphasizedthaLtCo rre ct&tm O SPheTic c orrec也on sche m e m aytN5Pro videdat 血e
bas e of umi Red, c onciliated a nd closered m z[the n atical appro achescoJln eCtd with the solutio ns of7adiatiozl
transfertheorydirect andin v ers eP申ble n s. The kernelof these approachesisdetermin ed byline ar 野Sten
'
6
theory u sing attdjoiHt m athem aLtic aldescripdo nfor abo ardsateuite se ns ors w orking and data m eastxre m ents
trends 丘o mthe on ehand, a nd the operators set of the direct-itlV erSeprObleQtS SOlutio ns and 《atzuosphere-
st Hfhce D Syste minptlt OPdcal m odels b m an other. T his, it
'
s nea s 町 tO Provi de Ⅶd丘ed and closered
m athelnZ[ticaldescriptio nQfthefollowingc on cihatedpr o cedxLreS:
G
g6
→ L
g,=(G) → 母毒【L(G))ラ G;,｡*. (9)
on thebas e ofr ecipr ocalc on necdonlxtw ee nL 肋 operators setconstn 'cBon a nd appr opriatetotheir L
-1
ofiw crse operators #tin thefta n e w ork ofgridpoids 短, g
～
)a nderrorsle vd(s,冒,昌,8
*
)beingcbs en13]･ h
this c onte xt, probably, 1Jniqu ep ssibilty m ay 加 reab edonlyfor m血 8 mぬ al1ystrictrecipm cal analytic al
descripdon of the corrdado nLg,冒(G)
⇒ 窃【i(G)]･ Na- a,y, a c c ordhgto m athe m adcd a ndydsgivcn 血
(4],the correla血 n, m entio n ed abov e, m aytX)Pr ovidedtFA血 血 m
◆
s r epresent血 o nu sIZlg, m erdy･
Fo rthe determin adollOf infor natio n al c od ents_co m ectd with the atno印l 血c c orrectio n a nd
Rltr3tion procedttresit is 7LeC eSS ary tO eStdblSh the c orrespo nde n cebetwe en ct -t spatialangdar
discretizatio nfrequ en cy(k)a nd highestspatialangdardiscredzEtion 触 qqen cy(”)for Is
m
af(舶 fo). 伽 the
base ofw ell･kn o w nNyquist
-Kotelnikov
l
stheorem w ehav ek i 2 M･ The co mprehen siv en um ericalm odeling of
I
B
m
ai(,7, 紬)sho w sthatopdJn alcoTreht10 ntX'tW eCnM and k ntunbersin 伽 丘a m e w ork ofthe a ccur acy e
-
10
-4
hasto follo w ask ≡ 2 M＋30 forthe p血 叩 atn OSphericZ1ghtscatte 血g and sizlgle unde=lytng su血 ce
lightrenectlO n[4】. Forthe mdtiple atm oqherlClight scattering a nd tnd bplebotto mlight reflectio n the
e mpi 血alestim atio n
.
9v e n abov ein the h m e w olk ofchDSeAaC CtZraCy C anbe w e ake n ed signi且c adydueto
sig由丘cad c o mpress101for the totalazin uth har nonics nt mber
- M carried out onthebas e ofthe est血 ation
forpdm ary s cattedng i血 e nc e. T 地Ginto accotrht the NtlquistJKotelnikov
'
s theor e m again a ndthe
possibility of re m a由 d a2.in Hth
'
s harm omicstotal ntLnber c o mpression w e re ceiv the 血 al etrLPlrlCal
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c orrel血 on b 加 eeA k and M ac ordingto the estimatio nk≧2qM giv enin[41, where compr6Sio n Ⅲdtiplier
qis eqd to 1/6 appr oxim BEtety. Ac cep血g I?tat azim tlth
'
s ha - o nic声 m 血 ぬ
･
of M 芸 2 001300血r re al
atm ospheric phaseBzn血 o ns x(y), we have varia血 n s ofgridpoiltS 舟eqLIen CyuPk芸 400～ 60 0tok ≡ 130･200
for9v e ntdo reha ndappro 血 血o n
'
s a m a cyof e 乃 10
J
.
The a n alysis, giv en 血 v e, allo w stO for m lllate the high増 CCt m Cy 皿 ethod fo rthe s emi- a n alydcal
m odeling oftra n sfer operatorrI九 h the cas e of a血Irazy atm ospheric v ertic al n on wibrmiiy and any
T eAec(ingbotto n. Itispdn aTyatm o spheric sc at(Bringandsinge renecting丘o m an underlyingsⅦ王免ce,tha[tare
calcdated e x actly, 血 m d dply sc attered a nd renected on es are m odeled ap pro xl m atebr for a v ertically
tmifor m atm o sphq e anda n o rthotropic auy renecdngbotto m W ith allthis Gtt血g atm ospheric pha sefun ctio n
x(†)forthe radia血 n field dif bsepartis craJZ[Ped in respe ct to totala zim Tth
'
sh m o nicsin co rrespo nden c e
with(m < 50)es由 比tio n, 如 n abov e,
At the Fig.1 n o r m ahzed1-D spatial-丘equ en cy Etn OSPheric Rlt8rITaLm(V,OIis represerzted a cc ording
topar a m etriz a血 n a ndpob7n O血由 squ ar e appm xim 血 o n algo血11m ShavingtN5endev eloped･ h stlCh a w ay the
at皿 O SPheric 丑11eris deter m ln edbydire ct a nd di 血lSe atm OSPhedc tra n spare n cies as w en astw o e mpiric al
v ahes ofasym pthotic spd al 叫 cies(v誌 w .5, vニ昭 -3.5)=
LTa-(v･oL- 8
･
(v,･tlJ
一
(v,l認諾, 8･(v,- 1 一 志三告
*
Atn o甲heric 血 触 peLfor m s starbg &om these asym p(otic v ahes (v≦ vmin , v≧､,㌫ax)
atm o spheric n oddator:
･TJ - v誌 ･o,I- 1, Z㍍(v≧ vニ- ,a,F= 認諾
H(v,a)
1.0
0
.5
T
”
0
.
azm '
‾
h(vニh ,a)
I
l L [ t
(10)
it止0
(ll)
v誌 1 2 3 v'n a x 4 v,kn
'1
Fig1ll P m n etn z ed m dpolyn omialappro xin atedspEtial･ &eqt RCy no rmalizedtrans6er 触 ctionLT
nt,a
(V)Iofthe Earth
'
s
ah D SPhere .
T he an alysis of thetotalspatial
一 触qu e ncyn o r n alized 血ctio n]T
E
(v,0)I carried o ut on thebase of
hn ear野 蝕 n･theory application hassho wn thatinfbence of a bo ard sateulte devic esET
dcv
(V,OD)lis m ore
sigmi ficBLnt tha n ab ospherict｡zb deJICelTtu,b(
～
,
G')l. W ith an other sidethei 血en ce ofIT
.a,
(v,a)Lv altLeSis
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m ore w eak in c ontparis o nwith7 nultiple lights cauedngin the Earth
'
s a e r o s olatm ospherelT
ah
(V･0)iAt
Fig･2the ap pr叩 由一e ntJm eric alresdts ar ebv enfo r九 - 55 0n m, optic al len sfoct)sdista n c e ofsatel蜘edevic e
F=0･3m , observ at10 n a nge O'
= 2o andheightsatellite od,itfL.b ≡ 100血 【5].
lTE(v,a)l
1
.
0
0
.
5
･ 0･1 1･0 1 0
. 100.0 1000.
■
v
,
km
･1
Fig･2 ･ Total opBc al transfer fun ct10nlT･∑(v,o)Iof
'I
s cAtt由Ilg aer o s ol-ttubulen c e atn o sphere
n
syste m. 1.IT...,i(V,0)L-
tlubde n c e a血 o sphere;2･ET ac ,(v ,o)卜 地 相 aem SOlatm osphere; 3.1T∑(v,a)I=】T.. Db(V,0),×ET a ,(v,o)i･ totalc m ,
九= 550n m,fhb=1 0 0km,Fご0.3m , o =2o .
In thefra m e w ork ofthe a[tn oq)heric c orrec也on-and血trz[don prわblem beingdisctlSSedthe con stru ction
ofoptim alphn esforths Earth
･
sremote se nsingco nditio nsis v erysigni&c antals o･ Ⅰ叩 OrtantV ahe Ia
m
b ,九
for
atm oq)heric c orrection pm cednres may be detcrnb ed m aking t M Of the 可妨ぬ1 fLtwttntio 払 StatlSdcsfor
av erage a zin lthbdghtn ess cotnpo eds(z8Wat.A)x ･(z芸,,九)二a nd aBpropdate di甲 血 ons b cdon s of
D[Z芸
,
九]x ,D[Z£,九L o nthebase Qf fo llowingrelati.onship(6].=
1㌫九 -(Isma,,九);
1
D 2[IB
m
a,,九】x
K
v
(1 2)
whereK
v
is 竿den ” fthe renecdo n v aria n鵡 Of(I芸r･九), ･ P - etrkah n ofvdu髄(I:r,九)方 m ah ng
use ofthefollo Ⅵ ngforth
(I:,,九)x - rB u ,'九'Rsmu,(∩,a , rs u ,'u - A 伽 ＋ B '13)
d 'o w sto 仙 l 血 n gesdv e relado n s竿for the cdcda?o -(IZn 九)x I Forthe splid ho血 -Idly
n o n 曲 r n u nderlying surfac ebrighbess Ⅷ a n ∝ s m odeling lS n ec sarytO tlSe c o n cr ete flectionla w of
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IE,,九(I-Ax,Tl,%) a nd 野山al v arian cela w fo rthe indica如 on e･ Al the logaribdcdly currelt q3atial
distnbutio n of brightn essdhar 8Cteris也cs, beingjus雌 edfo rthe main part oftheEardl
'
s 血 for n at10 nS, the
folbw n grq,res甜 血 血 of IB
' W
., ,,九(X
･Ax･rt,ち)istakenplac e:
I㌫,i(X -Ax,n･!)-(z:,,九)x egトβa(x-Ax)-, (14)
wher e, β - a 叩 Iitudc c oe飽cie血 Qfthe spatialv arialLC e, α(X-Ax) ～ is the fun ctlO n, ChB[raderizhgthe sudhce
rehcf inch a[don zx
-
(x -Ar) orthe hori2:OHtd shado w s v ari n ceI(I-Ax)tgOo and Ax - EbbtgO co sq). Forthe
rB Od ding of the iDfor n ado n al co ntents 丘1tratio n co n ne cted with the horizoltally noIlunifo m surfac e
brighhess,tx)hg 皿 ea 駅ばed 触 n the spac e, o n e皿 ay tLSeKv(Ik.町)v arian ce co efBcient, having c alcuhtedit
dbviotw m a m cra 00rd hgto(12).
Eo w ev er a n other, m o r epopular waLy Of infor m atio n alc or[tents deter vh ation is com 捉Cted withthe
shad n O nls idor matio n m eastrreinhodu cdo n and the entropyfuncholltISing. Whe n giv m de nsity of
probabilishcdistribtlt10JIPLIB W.九(X)] of)8u,.AV e ctor atev ery POiz[tof x,for e v ery Bx edv ahe or 九- spectr al
cha n n el bein名 q Sed, J idor n ado n al co Ⅱte血 of IBW ,A m odelingis estim ated acc ordingto the w ell
-kn m
expression.
-
M
J= - ∑ P[ZB
m
W ,九(Xk)]1og PII:,,九(Xk)]
k=1
(15)
伽 ainingofm ax(J)v ahK Silldepnde n ced I㌫,九(X) zn odelpara m etershas alow ed tofor m nlate
a cc ordingto th dr h for n atio n al co7Ite也s optim al c onditio n sforthe Earth
'
s r e m oteiensing 丘om spacewith
regard ofthe 3ttn OSPhericinAu e n ceforthevisible and n eara spectralregio nr7】･
T he fotnda也on oftechn olo由cal co mptdEtio n a nd empirical approachesto the proble m s s ohtio n of
atm ospheric correction s andspadal 丘eqtlen Cy五ItrabotL, disc ussed abo v e, forlo≠:a nd mi ddlesp&tialresoh 血I
Qfsde11触 dataco nsitsin tlSlng Offわllowing operation s
1
. the e mplric al mdse ml- e mPln Calproccdnr es, lillear
b rightn esstr an sfor matio n s and atm ospherici 血 n c e repr es entationin af m of丘tting c oen cients forthe
initials atelliteinfor m a[don eg and dinto a series ac cordhgto an orthogonalpolynomials as w ellasillCluding.
ofatm o spheric correc也o n a nd丘1tration pr oc edLXreS aSPart Ofnatl mlobjectsidentiAcaLtio n, classiBc %tio n a nd
state estim atio n ca m ed otlt OILthe ba se of auto m ated sche m es. D i 血gui 血mg ぬ 山一es of the brightn ess
tran sfD r m B[tions 皿 athem atlCal for malis m, beingtlSed by u s, are dte irLptZt adBLPtiv e models of((atm osphere･
t nderlying sd ace}} syste皿 atldpreli min arys ol也io ns ofthe Tadi如v etransfertheorybou ndary valtlePrObletn s･
Acc ordingtode v elopedalgorithm actuallyr adi赫 e correcho nis carriedo utin tw o steps(1]. Physicalse ns eof
the b stst甲 CO nSistsinthe ac cotrEt Ofthe ah oq)heric haz elbrightn essforthe av erage al bedo of Ⅶldedying
s 血 e A . As a r e mlt of n e血 o ned step w e m B[y eS b te thetran sfor m atio n ofr adiado n丘d ds mdBpb,
s catteredbya v erticalb'-n o n tmi for n aln ospher e andm l止軸Iy･re血ected吋 a n tnderlyitLgS qr免cc. Atthe sec o nd
st申 Ofthe atm ogheric c orrectio npro cedm the a cco uzLt Of the 甲aLtial-BcqLlen Cyatm OSPheric 血 a cteristic
'
s,
c o 皿 e Cted withthe hori2:Ontaln o mmi fo mities of the tnderlyhgs urhce a nd the Earth
.
s aLtm OSPhereis carried
otlt. W主dl allthes ethe pmblc n of m dti印 ∝ 仕d satellite 血ta a加 spheric correction als o m ay tx3 S OIv ed
stK CeS 血IytF uSlngOfinpt(IcoTnPlex adapdv e m odelsforthe ((a[tm o申her e-s u rhc e)) syste m, whichpara m eters
aret由 n hto a∝ otmtaddi血n ally■respect totheplac e and m o m e Ⅱtof甲aC e Strr Vey.
Among tlle eHq血 calproccdnres ofthe atm ospheric correctio n u shgthe r athertra nspare ntlake･s e a
w aters andtestgrotLndsbrighhes m e asu re㌣entsis v erypopular as w ellasthe m ea 飢 此 n erLtS Ofcorrespo nding
regressiv e m odelsforthe s血 stic al 由cript10n Ofthe ah ospherichal.ei dtlen Ce. Another e mpiricalposibility
is determin ed tF tISing ofthe spectr al cha n n els 血eaStF e nentS CO血b 血沈icEnS. Fore 叫 e in oxygen
abs orptio nbandpla cedat九
= 760 n m and九 二 740n m with血rther甲eCtn m S and im agesjoiDta n alysis. Using
r甲rCS entadon (2)forthe Earth
'
s s u rfac e spac e s urv eyto the nadir co ndition(rl=1), w ehav ethe following
e xpressionforthespectrd d m o甲heric opticalthiGh essofTo,A(九- 760r n)【1】:
てo
.
九(九=760 皿)三 In
T
c
m
b n
8 Ⅹ
- TGT
e
一 冊 760'(Ta
-
h
a 又
- Ta7T)'(e
- 15T'760' ィ 噴'760')‡Tatm - TaTm
& Ⅹ
)
- 14 8-
(1(;)
whereTa 恥 TTLm
8X
and T冨 ar eintegral a 血 ospheric tra nsparendesbeing m eas ured at m et8 0r Ol噛 cal
statio nn etw ork.
Followingsteps ofthe atm ospheric co rrectio n carrying otltar e c onnected Ⅶththe opdcalthickn ess
c aleulationfor other spe ctralcha n n els a nd&tn osphericphaseb ctio ns, c o rr e申Ondingtothe spectraloptical
thi 血ess w aycalcdatio n s, u singa-priorlinfom a[tion atx)ut the aer osol匂p巧 andstnlCtqreS, a e r o s olparticles
reBactio nindex andth drdistributio n血 血 on･ For e x a mpletheiruportad problem ofatm ospherichnmi diq
inatwn ce o ntheinptltOp也cala erosol
'
s characteristicsfordiffere71t m eteOrObgicalrange(visibil申)n aybe
s olved by m akLng 脱 Ofw ell ho Ⅵ 1Koshmider
'
s r ela[tio nshipa ndtw o-layers stzq cture ofaerosol
'
sparticles
呼ig.3)【81with followingapplicatio n ofm odified M iethe ory[9],
Ⅶ申9r
c ov er
rco v er
rn ucLe ar
nu c一ea r
Fig.3. h lt血iv emodelofpolydisperhD n al two -hye ra er o s ol
-
s sphe n c alp紅ticle ofthe Ea rth
rs atm oq)here:
6
=
r d r.ndJea. I Btting n o Ⅲzn lfb mi ty pa ra m et- 血r opticalmodel血g ofatm osphedc 血 dity血fhenceL
For this aLP PrO aCh the opti miza血 n condition is u sed a ccording to the follo wing.mini mi2:a:t10 n
rela也onshlP.
I
2
(Tin, p!h!1卦oe xp(九k, - T5e or(aj - k,r 瑞 , (17)
wlw reβB and a.I ar e apriory 丑x edand7nOdeled 丘tthgpara n cters set, re spctively. h the 触 m ework of印 血
且PPm a Chr 血 cho)Iindex andsizedlStribtdionfud o nview ofaer osolparhcleshav etObe h o w bch ehaJId･
Finally, art thelast stq)sthe satdlitedata reductio ntO 也 e Ea r血
'
s 紺 色c elev elwith a ∝ o qd ofthe
Earth's s u r血ce albedo r etrievalredts and the t nderlying s 打払ce n on orthotropyfacbrSbeing Set aやn Ori is
caried ot)I. Withdlthes e ak - 丘t申喝 C Oen Cients ofthe m e asuredsatelhte b dghhessbeing a畔 伽 血 atedby
the sec orkd･gr ade orthogo血Ipolyn omials B),2(Chebyshev
'
spolyn omi als)becomethe丑tting param eters ofthe
atm ospheric c orre cdon a ndof the atm osphericalter, c or T e S叩 ndingly[1】:
Ib
.(Tl,i,q> 恥4)I a]十a2Bl(4)＋a3B)(Tl)＋a4BL(%)＋a5Bl(q) -q'0)＋a6B2(Aiy-a7B)(Ai)βL(亀汁a8B)64j)BL(Tl)十
o981(AjPL(q･ヤo)＋aL OB2(ち)＋aLLEI(ち)B)(Tl)＋a1 2B)(i)B)(p
-甲o)＋aL3B2(Tl)＋a)4B)(TIPL(中qo)十a)582(I)ヤo), (18)
wherek-index characterizes the aero sol
-
stypein abn O SPhere v ertICal 他 山o n,iI isthe no n orthotropi由1
s 血 e refle ctio n匂耶, A I is t mderlying s 曲 ce albedo, q) andq)o az IZndhs ofvISIOn direction ad Stu
'
s
posit o ns, r e SPe C血 ely . C 軸 hev
.
s polyn omials B),2(X)dete mined a ccordingtO Bellowing rehtioTLShip
1
.
Bl(X) = 2x - 1, B2(I) - 2(2x ･ 1)
2
-1 , The exa 叩Ie ofB[tn OSPheric corre c血 n prcNXduredev elopedfo rthe
Earth
'
s s u rface s atelZlte mdbspc ctral im a8eS aC COr血IgtO ap proach having 触 n propsed is given atFigL4on
thebase ofc oztlple x analysts.
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Fig.4. EIStOgra n Ofthe di如il)d ion oflhebrlg血 e ss ofobjects on a印 Etial middle resoht10 nim BLge be 加 e atm ospheric
c o rre cti o n(da shed)ad a触 ri王. FJ
'
guT W POizlt tO 也e 環istence of the r esolvhg botndaries of the histogr ams A77 D Tt
's
c orr eqMnd totb m ostprobablebotndane sof tra 皿Sitio n丘o m o ne obje ct to ･ 皿 0也er a&cr atmo spheric c o d cn
h co n clu sio nitshodd加 n oted thatrepr ese】止edc oI叩1e x ahalysis w asTehdd e xch dv elytothe scalar
radiativ e丘elds. PolaTi2:a血 n edbts ac c m nt ぬr the atn ogh dc light SCattering and r e瓜ectio n 丘o m real
underlyingsn rhc e ess endallyizICreaSeSth infor m z[tion alco71tentS OftheEarth
'
s r e m ote s en sing, That
'
s whyirk
thisca se Signi&c an c c of the atm ospheric c orre ctio n a nd 瓜tr如o n of7nd bspectral saLteuitedataisin cre asing in
c o叫 汲 由 o n wi血 s calar case[10]. Takingiz(to a w tu止 the r cal 由ation of stlCh it(tern ado血Iprogra m s as
POL D E R-A D B OSthe dev elopm ent of adva n cedproc edtzres and dgorih m sfo rthe polariz ed radiatio n
'
s
atm ospheric co rrectio n a ndspatial･lieqLlen Cy五ItrBEtio nbeco m e rather a ctualproble m s･
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